The authors discuss the effect of hydraulic conductivity on the suction profile and stability of a typical cut-slope subjected to low intensity rainfall. The initial suction value above the ground table in the unsaturated zone is assumed to be 15 kPa. The uncoupled approach of finite element and limit equilibrium method is used to evaluate the stability of the cut-slope at different elapsed times of rainfall. The finite element seepage analysis shows that the soil in the unsaturated zone always remains unsaturated during the course of low intensity rainfall. Furthermore, the slope stability remains practically unchanged so long as the wetting front remains in the unsaturated zone but it decreases noticeably when the wetting front reaches and elevates the ground water table level. 
Introduction
The infiltration of rainfall increases the water content in the unsaturated slope, and reduces the resulting shear strength, and thus causes instability to slope. Several studies including (Brand 1992 Among the intrinsic factors the hydraulic conductivity is the most important factor that can directly affect the rainfall infiltration. The previous study by Lee (Lee et al., 2005) showed that the redistribution of matrix suction is a key factor in the design of a specific slope. However, it does not consider the effect of the hydraulic conductivity. Mahmood (Mahmood et al., 2012) showed that the stability of a simple single-sloped embankment slope during a rainfall can be evaluated better on the basis of unsaturated soil mechanics.
The purpose of the present study is to evaluate the effect of the hydraulic conductivity and especially vertical conductivity on the pore-water pressure profile and ultimately on the stability of the three-sloped cut slope during a low intensity rainfall. The low intensity rainfall is applied in order to insure complete infiltration in the unsaturated cut-slope. The applied low rainfall intensity is further discussed in the text of the paper.
Example Problem

Geometry and finite element discretization of cutslope
The geometry and finite element discretization of threesloped cut slope is shown in Fig. 1 . A constant suction value of 15 kPa and hydrostatic pore-water pressure is assumed above and below the horizontal water table, respectively. For simplicity the rainfall is only applied at the top of slope. Section A'A' is used to evaluate the volumetric water content and pore-water pressure at differently selected times of rainfall.
Saturated-unsaturated seepage analysis and hydraulic conductivity
The saturated-unsaturated seepage analysis in this study is conducted using the finite element program (Seep/W).
In the finite element seepage model the flow of water in the two-dimension for transient case can be defined as:
where kx, ky are the coefficient of permeability in the x and y directions, respectively; H is the hydraulic head;
q, the applied boundary flux; ρ, the density of water; and m, the specific water capacity. The specific water capacity is defined as:
where θ w is the volumetric water content; u a , the pore air pressure; u w , the pore-water pressure; and (u a -u w ), the matric suction.
For the saturated zone, as the volumetric water content is constant, Eq. 2 becomes zero. In case of the unsaturated zone, the hydraulic conductivity coefficient and the volumetric water content are the functions of the matric Fredlund and Xing (1994) . The parameters used for this method are given in Table 1 . The SWCC for the weathered soil is shown in Fig. 2 . There is no need to establish SWCC for weathered rock as it remains saturated in this study.
According to Boumans (1976) , the value of Kr for average (or radial) flow can be computed from the geometric, or logarithmic, mean of K h (horizontal direction) and K v (vertical direction) as follows:
In this paper the average hydraulic conductivity is evalu- is taken as high and that of 31.3% (22.4%) is taken as low. The hydraulic conductivity curves are shown in Fig. 3 .
In this study a rainfall with intensity 3.5×10 -6 m/s that lasts for a period of 84 h is assumed. According to Mein and Larson (1973) if the rainfall intensity is less than the saturated hydraulic conductivity then there will be complete infiltration. The rainfall intensity in this case is lower than the lowest saturated hydraulic conductivity and thus complete infiltration is assumed.
Failure criterion and material properties
The stability analysis in this study is conducted based on the modified Mohr-Coulomb failure criteria that is defined as
where (σ n -u a ) is the net normal stress; (σ a -u w ) is the matric suction and; φ b , the angle expressing the rate of increase in shear strength relative to matric suction.
The weathered soil and weathered rock properties are those used in the paper of Lee et al. (2005) and are given in Table 2 .
The slope stability results in this study have been evaluated probabilistically i.e., in term of reliability indexes.
In geotechnical engineering it has been well established that, the soil medium is usually heterogeneous and its engineering properties such as the strength parameters c and φ vary. In this study the weathered soil deposit is considered as statistically homogeneous which means that, the strength parameters has one mean and one coefficient of variation within the soil deposit. The detailed description of statistical homogeneity can be found in the work of 
Results and Discussion
Initial condition
In this study the initial state is set up by providing a constant suction value of 15 kPa above the ground water table in the unsaturated zone. Furthermore, below the ground water table the pore-water pressure linearly increases with depth based on the hydrostatic stress law.
Transient seepage analysis
The rainfall infiltration increases the volumetric water content in the unsaturated zone. This change in the volumetric water content thus affects the suction profile in the unsaturated zone. Fig. 4a shows the volumetric water content while Fig. 4b shows the pore-water pressure profile for different hydraulic conductivities. These profiles have been evaluated at section A'A' of Fig. 1a at different time of rainfall.
According to Fig. 4a , at the same depth the volumetric water content is higher for the low conductivity than the high hydraulic conductivity. Thus at the same depth the matric suction is lower for the low hydraulic conductivity than for the high conductivity. Furthermore, during the same time of rainfall the wetting front for the low hydraulic The only term is then matric suction that contributes to the infiltration capacity. In the unsaturated zone, the infiltration capacity in the vertical direction can be defined according to the relationship proposed by Gavin and Xue (2008) .
where iy is the infiltration capacity in vertical y direction and; S y is the matric head suction values at y depth.
The second term in Equation 6 on the right hand side is defined as the hydraulic gradient due to suction. Equation 6 shows that the infiltration capacity is controlled by the unsaturated hydraulic conductivity and the suction gradient. Figure 4 shows that the wetting front depth increases initially for all hydraulic conductivities but for 22.4% and 31.6% it reaches a depth of 5 m and 6 m respectively at the end of rainfall. In case of hydraulic conductivities 100% and 70.7%, it progressively moves below to the water table. Figure 4b shows that in case of high hydraulic conductivities the unsaturated soil shows little saturation as the rainfall continues. Also, the unsaturated hydraulic conductivity K v that controls the flow of water to the ground water table is higher for higher hydraulic conductivities.
Slope stability analysis
The stability modeling procedure in Slope/W can be defined in terms of three different components: (1) In this study the slope stability is evaluated using an uncoupled approach of the finite-element seepage-analysis (Seep/W) and the limit-equilibrium analysis (Slope/W).
The safety factor of the cut-slope at different times of rainfall is evaluated using the Morgenstern-Price method with the same grid and radius for the critical slip surface.
The slope reliability index is calculated as:
where β is the reliability index; μ F the mean safety factor; and σF the standard deviation of the safety factor.
The reliability index along with the mean factor of safety (μ F ) at different times of rainfall for the different hydraulic conductivities is shown in Fig. 5 .
The reliability index of the unsaturated embankment is 6.5 before the start of the rainfall. It can be inferred from this figure that the reduction in the reliability index is small for low hydraulic conductivities (31.6% and 22.4%) up to 84 hours of rainfall. For high hydraulic conductivities (100% and 70.7%) the reduction is small up to 36 hours of rainfall but becomes noticeable after that.
As discussed in Section 4.2, for this low-intensity rainfall, there is always suction in the unsaturated zone when the wetting front moves through the unsaturated slope. 
Conclusion
The conclusions drawn from this study are summarized as follows.
A uniform rainfall whose intensity is lower than the saturated hydraulic conductivity affects the volumetric water content and the suction profile. During this low intensity rainfall, as the wetting front moves, the soil in the unsaturated zone does not saturate fully and remains partially saturated.
The infiltration capacity in the case when the soil is unsaturated is exclusively controlled by the suction gradient and unsaturated hydraulic conductivity. This study shows that these two factors are higher for high hydraulic conductivities than for low conductivities and the wetting front is deeper for high conductivities. Therefore in case of high conductivities, the rainwater reaches the ground water table in a relatively short time and causes significant effects on the pore-water pressure profile.
The reduction in the reliability index after the rainfall is insignificant when the hydraulic conductivity is low. This is because the wetting front does not reach the water 
